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INTRODUC ICYH

Four more or legs unrslated sgubjects have bsen
under investigaiion during the past si: acaths, Zach
has besn the outgrowth of previous work, or is in some
way related to it, Thesz sutjecta axesy 1) purity of
chromium films reported on in the previous isvue of thisg
geriess 2) use of & laser beam &5 an evaporating source,
eince this appears as a possible way of evaporating
refractory materials; 3) smoothniess of substrates «-

a study necessary because of previous difificulties
already reported ony and, 4) evaporation by means of
electron bombardment ~- again és a posgible neans of

evaporating refractory materials,



PURYTS U9 CARXITUM ZIL8S

Samples of evipuatsd ehocriam Fllma {(«3pdloe
to thoze whose cptiral »reporiiaes rore Jdiscustod in
the preovious ropore % thile zacizg) woro semt o L
Consolidazad Blectradynom’zy dorporation {QE0) fox
mage epcectrocraphic oaclyals, Pz files wore deporited
on Rloet glass nonuvfacturcd by Plllhingtos dres,, Ltd.,
of England. Depo3ition wtus naay o @ POUTOG SN e
ing of 10 parallel 0.040% wires of correrelal Lungsioan
wire cbtaincd from the congral Pleatric dcrpeny.
Bvaporations wera completad in tims of ¥ seronde ov
less, The impurity content of the twgosten wive aund
the analysis of the matzrials in thas glass are not Lhaowa,
Prom anzlyses of chromium prepared in the game batol
as that uvaed (by the Albusny Fetallurgy Rosearch Centor
of the U, 3, Daportment of the Intoerior Burgou of Munor),
it is sntimated to contain thoe foliowing impurities, in
part3 par millions 120 cotygen, £ hydeogen, less than

20 nitrogen, S0 carbon, end tyace arounts of aluminum,

iron, eilicon and nlickel.
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In a preliminary survey at CEC by Mr, J,
NcCleary, trace amouants (probzbly lass thaa 10 ppm)
ware ocbserved of Mn, Pe, Sn, &h, and Cu,

Purther work is under way to obtmin a hattex
analysis by using wndoped tungoten wire {scvrplisl by
General Bleciric) as a eoursa and cvapcyating chromiun

onto fused cuartsz subsirotes {cuppilisd by Corningl.
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USE_OF LASER BEAY AS EVALCRALING SOURCE

It has bean sugyzsted a rusber of tirms that tha
focused beanm from & lasar might ve 'atad ae a possible
evapcrating ascuvrca, cinoe ths enszgy miy bs Jooavged oateo
an arsz which is appraximutely thet of the Airy diec
dus to the Jdiffraction limltation of tho nize 97 the
laser rod, Por a ruby laser opecrating st approtimetely
7000 & and using a 0,6 cm diavoter rod, the area of
the Alry disc when the laser bean is foouzed is
approximately 6 x 10782, Thus, aven with imperfech
focueing, very high energies par unit area cawn ke achileved,
If the anergy in the flash czn bo absorbaed by the
material which is being i:radiated, evaporation nay xesult,

The thickness of an svagorated f£ilwm is invergaely
proportional (approximately) to the product of heat
of vaporization by density. Thus, assuming uniform

svaporation to the half-sshare:

t=Qx lf)8
oy o2 -
20" J mv
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vhere @ is the energy absorbed, in joules
r the distance hetween source and substrate

is Joule's constar: (4,18 x 103 joules/k cal)

gm

J

H, 1is the heat of vaporization in X _cal
@ is the density in gn/cn’

t

ie the thicknass in Angstroms

The heat of fusion and the contribution dus to change
in temperature in the liquid phass have been neglected,
Values of the product n‘,g are shown in the

acconpanying chart, It will bu noted that the refractory

metals of interest have values ranging from 1%5-20k cnl/cn’ .

8ince the reflectivities of these matarials are high,
it will probably be necessary to use them in powdered
form,

Calculations for tungaten indicate that with
rwS5om one might axpect a f£ilm thickness of

approximately 8 Angstroms psr jouls absorbed, From
data in lLandolt-Bornstein the reflectivicy of tungsten

is close to 50% (at 6500 £) and hence there is an sxpected

thickness of 43/3.”1. emitted,
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In an experimcntal arrangement ueing the figures
given above, a total anergy output (uaing maonufactursr's’
data) of 30 joules gave 2 tarely detectible £ilm e
certainly much lees than the 120 A expacted, An
electron micrograph fhowgd a highly pazticulatcs structure
with widaly scattercd cluvmps of the renge 50 - 150 A
in size, There was alsc zomz avidencs of impact effent
on the supporting collodian substrate as thouyh each
clump of tungsten had arrived at the subrtreote a8 a
single pellet which then depresssd the substrate forx
an appreciecble area in the vicinity of the iumpact point.
More work must be done here to verify this or establish
it as artifact,

The above experinent made ws& of powdersd tuagsten,
An earlier attempt using sheat tungsten gave no
observable f£ilm, but the sheat tungsten showed damage

fxrom the radiation,

e




EMOOTHNESS OF SUBSTRATES

In sevoral previous reports in this series
mention has been made of an axperimental difficulty
which hes arieen in the astteampt to dotermine refractive
index and axtinction confficient by meaguremsnt of
reflectance, transpittance &nd thicknsss, The
measured values, with the assignable error will not
yield values of rafractive index and extinction coef-
ficient, Por example, if the measursd (corrected)
transmittance value is lczated on the calculated
curves of T yg s/) for a particular n and k, the
neasured value of reflectance is always too low to
fall on the corresponding calculatsd curve of R vs s/,

A possible source of this difficulty in the case
of very thin zetal f£ilms is the surface roughness ot
the substrate material. If the substrate is not

molecularly smooth, then the deposited film will not
be a plane slab with parallel sides, since tho filus

have thicknesses of the crder of 100 - 200 ., The
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ocalculated curves of R and T vs s/)\ assume such
qeometry, In addition to the surface roughness of
the substrate, there will inevitably be superposed the
clump structure of the film itself,

From prelimsinary measurements, it is now
believed that sudstrates proviously used may have had
a surface roughness of the ordexr of 100 R oor nore,

New fused gquartz substrates have just been received
vhich were optically polished by Mr, Fred Pearson of
the Rocky Nountain Scientific Instrument Company using
special techniques.

Aa attempt to evaluate their surface roughness
has been made by observing the “noise” on Fizeau
interference fringes, Two such plates were selected
vhich had surfaces flat (as contrasted to smooth) to
better than A Na/10 . ‘These were then coated with
silver to a transmission of 4% in a rapid evaporation,
The plates were approximately one inch square, They
were arranged such that there were only two fringes in



the surfaces under chsexvation., MNeasurements were
zade with a traveling microscope of fringe width
relative to fringe spacing, The fringe vidth was taken
as the actusl f£ringe line plus its associated noise due
to surface roughness, Results on one such pair of

surfaces yielded a fringe width of 35 + 10 L. Since
the contribution to the noiss is dus to both surfaces,

it appears that the plates are probably smooth to 20 ) {
or less,

Plate I shows typical photographs of the fringes,

The photograph (a) shows fringes occurring between a
polished plate of fused quarts of the type previously

used in this work and one of the new plates discussed above,
Measurements of fringe noise yield a surface roughness of
100-200 X.

Photograph (b) shows fringes ocourring between two
plates of Corning fused quartz polished by Pearson, The
doukle fringe is, of course, due to the Na line, Although
the photograph is not an ideal example, it will be noted

by comparison with (a) that the fringe noise is quite snall,
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The photograpk (c) is shown for comparisoa, The
lower guarts plate is again one of the Corning-Peaxsom
samples, while the upper plate is cne of the older quarts
plates costed with 1102, The molse }hlb suxface
roughnesses of the arder of 200-300 X. Since the Ti0,
£ilm was also this ordexr of thickness, it is apparent
that this roughness may have significantly influenced the

results of the measurements of optical constants of TiOp,

wlle



EVAPORATION BY ELECTRON BOMBARDMENT

Several types of electron bombardment heaters have
been tried as high purity sources for the preparation of
thin fiima, The first type of heater tried was a large
carboa crucible, about 1" in dlamatex and %" in height,
mounted on a wirs which was supported from a high voltage
insulator, The crucible was then placed at a high positcive
potential (4000 volta)., &2 40 mil W filument at ground
potential surrounded the crucible to act ae an elsciron
source, Currents of the order of 200 ma could be made to
flow at around 500 volte, More power could 1ot be nut
into the system because of a power supply maximum of
200 ma, No heating of the crucidble was observed sven
though over a hundred watts was being put into ths crucible,
It is possible that many of the electrons were flowing to
the wire rather than the crucible, Also, since the erucible

was 80 large, a large amount of energy was required to

raise ite temperature appreciably.
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A difficulty that arose here and in subseguent
investigations was the problem of glow discharge in the
vacuun system dus to the presence of the high voltage,

Glow dischazge occurred only vhen the high voltage was

on and the filament had besn heated to just below its
enitting temperature, Whsn the glow discharge occurred,
the pressure wonld rise rapidly and the current between
the crucible and ground grew large, At this point the
high voltage would have to be shut down until the vacuux
had bean restored in the chambex, By going through this
procedure several times the chamber could be sufficiently
outgassed to allow the experiment to be carried out,

A pore suitable containexr was built to house the
filament and target., It consisted of a can with a
rzemovable 1lid which also had a hele in it through which
the vapor could paes, A hole wac made in the bottom in
which an insulator could be placed to support the crucible.
Two insulators were provided inside the container to support
the filament, However, this did not solve the problems of
sagging filanents, melting insulators or low power input

due to power supply limitations,
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To solve the problem of melting insulators the
crucible was mountsd on a piece of 40 mil W wire about
2* long, The wire was clamped in a brass shank which
was in turn mounted on a 2° insulator, The filawment and
power problems were solvad by emission-limiting the curreni.
This was done by making two sharp bende in tha filament,

In thie way the heating of the filamant could be localized
in the bends, and could also be accurately controlled by
regulating the filament current. Thus, the emission was
held at a desirecd level allowing the voltagas and hence the
powver to be varied over a wide range,

Under these conditions powar input of the ordex of a
kilowatt could be obtained, 0,5 grams of Al was evaporated
in 1-2 seconds after the high voltage was turned on,

The crucible was roplaced by a piece of 40 mil W wire,
By carsfully raising the voltage of the wire to 5000 volts |
and turning the filament current to maximum, the section of

the wire in the saxe plane as the emission center of the

£ilawent could be melted, Hcwevar, the molten tungsten ran
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down the side ¢of the wire s0o no evaporation took place,
Another problem cbsexrved was that although the f£ilament
was heated for maximuvm emission, only 50-60 ma current
could be obtained, It is possible that the density of
slectrons around the small plate was s0 great that space
charge limitations had occurred,

To provids fcr better <ontrel the tungsten wirxoe was
suspendad from above in an apparatus that couid be raised
and lowered mar jally frocm outside tne vacuun chamber, In
this way the .ungsten wira could be adjueted so that just
its tip lay in the plano of emission., Heating was then
localized co the tip of thae wire, Thz2 tip of the tungsten
melted forming & wmall ball because of surface temsion
eoffects, Aftor this occurred, the voltage could be raised
to 7700 volts which caused more relting, By keeping the
bail in the rlane of omiexion it grew largex, which in turn
allowad the current to increase, Wien the power had
reached about 500 watts, the svaporation began with sparks

flying iu all directions, T’ continued as long as the

target remained in the plare of emission.
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None of the svaporated tungsten collected on a
glass substrate, however, It did form a £ilx on the
metal substrate holder, which suggests thut the vapor
became charged as it left the source, 6Eimilar results
were obsexrved when avaporating a Mo wire, although
only about one half as much power was required for the
evaporation, In an attempt to eliminate the charged
vapor, the source was placed at ground potential and
the filament was placed at a high negative potential,
The evaporation proceeded in the sama manner, bhut again
no film was collected on the substrate,

It was then suggested that if the vapor were
passed through a cloud of electrons, the positively
charged tungsten ions might collect the needed slectrons,
becowme neutral and stick to the substyrate, This possi-
bility has not been thoroughly investiqated, but recent
results indicate that it wmay be a solution to the problem.

Pilns of Al and Ag have been prepared using the
electron bonbardment technigque, In theae cases no

ionisation‘prdblcnn were encountexred, This indicates that
slectron bhosbardment may be a method of producing high

purity films of at least some materials,
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